should be placed to sleep in supine or side positioning to reduce the risk of sudden infant death syndrome. Plagiocephaly is generally noted between 3 and 6 months of age; there is little radiographic evidence for increased lambdoid craniosynostosis and the deformity seems to be treatable with positional molding devices, soft-shell helmets, and frequent head turning. [3, 34, 69] Several groups have stated that surgical intervention is rarely needed to treat occipital plagiocephaly and never indicated in the absence of radiographic evidence of craniosynostosis. [3, 30, 31, 34, 69] We agree that surgical intervention is rarely indicated; however, we believe that clinical decision-making rules based on radiographic detection of fusion of the lambdoid sutures may be difficult to evaluate because premature fusion may be difficult to detect. Moreover, our experience suggests that children can have abnormal-appearing sutures with normal neurological status and normal-appearing sutures with neurological deficits or marked cerebral compression.
To guide treatment decisions and to quantitate the results, we describe a new set of rules based on radiographic indicators of the brain rather than the bone and clinical assessment of the child. These rules are simple to apply and they offer a powerful tool for the crucial early evaluation and follow-up treatment of children with suspected craniosynostosis. A preliminary oral report of this work has been given (Carson, et al., unpublished data).
CLINICAL PRESENTATION
Pediatricians most often request neurosurgical and plastic surgery consultation for an infant with abnormal head circumference in relation to standard growth curves, but who appears otherwise normal in growth and development. Infants are also referred for posterior and several other cranial deformities that are considered to be caused by positional molding. The anomaly is frequently noted at birth; the parents report a progressive worsening of the deformity and routinely express a concern about potential developmental abnormalities. The infant is usually brought to medical attention by the age of 6 months. [71] Anatomically, the occipital region appears flattened with anterior compensatory changes and asymmetry in the ear position. Contralateral anterior flattening and unilateral anterior bossing are generally mild. Cases of unilateral craniosynostosis have compensatory growth in the contralateral parietooccipital region that are manifested by bossing and vertex elongation. This elongation is more prominent in bilateral deformities, which also have lateral parietal widening, occipital flattening with anterior narrowing, and increased frontal projection. [34, 69] The asymmetry of the ears reflects the abnormality in the growth of the cranial base and may indicate suture growth disturbance. The ears are displaced anteriorly in bilateral deformities. In right-sided deformities, the ears commonly rotate counterclockwise, leaving the right ear more anterior in relation to the left.
[71] Skull base deformities can worsen to the point of affecting oral occlusion. [25, 33] Differential diagnoses include torticollis, positional molding, and craniosynostosis (both actual and functional). Functional craniosynostosis manifests the same clinical symptoms as actual craniosynostosis, but the sutures appear open on plain x-ray films and computerized tomography (CT) scans in the functional case. Torticollis involves a shortened sternocleidomastoid muscle, which can result in flattening of the temporal and occipital region. The anterior deformity typically is greater than the posterior deformity and is found on the side of the abnormality. This usually mild deformity improves with neck exercises and physical therapy. The muscle rarely needs to be divided or lengthened.
Positional molding anomalies are usually mild and noticed at birth or soon thereafter. The infant may sleep on its back and have slight flattening of the occipital region. These problems generally correct themselves as the infant grows and begins to roll over, although sometimes assistive devices are useful. Huang and coworkers [30] compared the compensatory contralateral parietal and frontal bossing and ipsilateral occipitomastoid bulge in four patients with unilambdoid synostosis to 98 patients with positional molding. The skull base in the former group had an ipsilateral inferior tilt, with corresponding inferior and posterior displacement of the ipsilateral ear, "characteristics completely opposite to the findings in the patients who had positional molding with open lambdoid sutures." [30] 
RADIOGRAPHIC INDICATORS
Three-dimensional CT is obtained to evaluate the infant's skull, cranial base, and brain. The initial CT is used to evaluate the amount of asymmetry of the skull and the compensatory changes that have occurred. [14, 40] An open anterior fontanelle and sutures are frequently demonstrated. Fernback and Feinstein [20] have reported that a deformed petrous bone, demonstrated on plain x-ray films, may be an indicator of premature lambdoid synostosis. There is usually sclerosis of the inferior inner aspect of the suture, which is evident on axial CT scans in this region. In seven of 10 patients evaluated, the shape of the suture was end-to-end rather than overlapping, as seen on the normal contralateral side. [70] Computerized tomography scanning in occipital deformities may also reveal abnormalities of the brain and the bone. Infants with severe deformities typically show diminished posterior subarachnoid fluid similar to the changes seen with increased ICP but on a more localized basis. This appears to extend into the ventricular system resulting in ventricular effacement. Generalized subarachnoid space dilation per se does not indicate neurological impairment because it is frequently found in occipital plagiocephaly with normal neurological status. [59] With severe compression, sometimes the ipsilateral perimesencephalic cistern is also effaced. This finding usually correlates with an irregular, patchy diminished thickness of the occipital bone. The patchiness is greatest in cases of bilateral deformity and appears to be similar to the copper-beaten or thumb-printing appearance seen on plain radiographs. These findings support the theory espoused by Kaiser[32] that bilateral deformities involve increased ICP that requires surgical intervention, although "copper beating" itself may not be a good marker for raised ICP because it occurs late and is an inconsistent finding. [21, 68] 
DECISION-MAKING RULES
We report a simple system to guide decision-making for surgical correction of occipital plagiocephaly. The grading system depends on three radiographic descriptors: 1) scalloping of the inner table of the skull; 2) subarachnoid space shifting; and 3) ventricular effacement, as well as a clinical assessment of the child's general physical and neurological status, as shown in Table 1 . The system gives pediatric health care providers guidelines to help determine the necessity of neurosurgical referral and possible intervention. It also serves as a basis for epidemiological studies of craniofacial abnormalities.
We believe that the majority of infants presenting with mild or moderate asymmetry will not require corrective surgery. This assumption, however, has been difficult to test without a quantitative grading system. Mild asymmetries per se appear to be of little threat to normal intelligence. Recent reports have indicated that mental development in infants with nonsyndromic, single suture craniosynostosis appears to be normal in the absence of increased ICP and other pathologies. [4, 35] In this regard, it is of interest to note the recent anthropological studies of the many civilizations that practiced the creation of cranial deformation for cosmetic and political gains. [22, 23] Such practices imply that an abnormal skull shape does not interfere with normal intelligence, although one cannot conclude that the physiological results of endogenous and exogenous deformations are the same.
Our system depends only on radiographic indicators and clinical observations. Previous studies have confirmed craniosynostosis by histological studies. Histological samples can be misleading because craniosynostosis usually begins at a single point and spreads along the suture. [12, 28] Similarly, the lack of a closed suture on CT does not imply a normal suture or normal function. Fusion at a localized position can have a deleterious effect on the function of the suture, cranial bones, and general cranial growth. Morphological diagnosis by radiography appears to be remarkably accurate (reviewed by Fernbach and Feinstein[20] ). Suture abnormalities do not appear to exist as a continuum with normal development and reports of uncertainties in the diagnosis may be attributed to inexperienced readers and ambiguous imaging rather than genuine similarities between abnormal and normal states. [53] The molecular defects and pathophysiology of craniosynostosis are coming under increasing scrutiny with the identification of relevant genes and gene products. [26, 41, 48, 50] Recent hypotheses suggest that craniosynostosis results when bone scaffolding processes occur prematurely [8] or from increased osteoblastic cell maturation. [16] In lambdoid craniosynostosis, anomalies in skull morphology usually precede complications such as visual impairment and increased ICP. [17, 73] Hydrocephalus frequently occurs with syndromic synostosis, and is rarely found in simple, nonsyndromic craniosynostosis; [24] however, increased ICP is not rare. Thompson and coworkers [66] found elevated ICP in 13 of 74 children evaluated for premature closure of a single cranial suture.
Elevated ICP appears to be the driving force behind neurological deficits. Intracranial pressure may not be readily apparent on imaging studies or from clinical signs or symptoms. [9, 58, 67, 76] Several groups have reported the persistence of elevated ICP after cranial vault decompression; thus, the simple concept of restricted skull volume does not appear to explain sufficiently all cases of raised ICP. [9, 21, 44, 55, 65] 
SURGICAL INTERVENTION
Surgical advances have addressed the question of technique through a union of multidisciplinary pediatric neurosurgical and plastic surgery teams to achieve optimum cranioorbital recontouring and cosmetic results. [13, 18, 52, 72] Still, accurate methods to document the presenting deformity and postoperative results are limited; thus, guidelines for the evaluation of the results are few. [54, 56] Because abnormality at a single suture strongly influences the development of other areas in the craniofacial complex, there is a clinical impression that surgical correction during the neonatal period yields superior results. [6, 25, 42, 43, 45, 49, 51, 60, 61, 72] Wall and colleagues [75] recommend that in the absence of clinical or radiological signs of raised ICP, surgery should be delayed until the patient reaches 12 to 15 months of age.
Protocols for surgical management have been described. [27, 34, 39, 46, 66] Whenever there is a question of nonintervention, it is essential to monitor the case closely because apparently well-tolerated cranial deformities can abruptly worsen either spontaneously or following head injury. [17, 27, 73] 
DISCUSSION
When occipital plagiocephaly is severe enough to produce marked cerebral compression as demonstrated by clinical signs and the radiographic descriptors listed in the Decision-Making Rules section, and the condition is progressive or nonrelenting, it is unwise to base all decisions on whether lambdoid sutures appear to be fused. The brain is more important than the bone that contains it. In cases of occipital plagiocephaly or clear lambdoid craniosynostosis with only mild cerebral compression, our system would not advocate surgical correction, whereas in other cases, in which the sutural abnormality is less clear, but the brain is severely compressed, our system would advocate surgical correction after failure of conservative management. We have not emphasized studies that demonstrate metabolic and blood flow abnormalities in cases of craniosynostosis or cerebral compression because the implications of these abnormalities are still to be defined. It should be emphasized that the majority of patients with posterior plagiocephaly can be managed with assistive devices that prevent the infant from sleeping on the flattened side. In most patients who are unresponsive, surgery should be considered.
It is important to recognize that our system cannot be viewed as an absolute. For example, the decision not to operate can change with new information. Approximately 1% of the patients with single suture synostosis progress to involve multiple sutures. [57] Surgery itself may have to be repeated; it is not uncommon for patients to develop increased ICP after initial suture release and decompression. [12, 63, 65] It also should be noted that not all lambdoid deformities are the result of craniosynostosis. [5, 74] Finally, severe cosmetic factors are in their own right a valid indication for surgery, especially as the intraoperative risks become lower with improved techniques. [19, 38] 
